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Introduction
Riparian corridors and wetlands are the most dynamic and complex biophysical habitats on the terrestial portion of the Earth, encompassing a diverse mosaic of landforms, communities, and environments (Fleischner 1994 , Naiman et al. 1993 . In a general sense, wetlands have been defined as lands within or adjacent to, and hydrologically influenced by, streams, rivers, lakes, meadows, and seeps (Cowardin et al. 1979 ). Riparian zone is defined more specifically as the strip of land along streams or rivers that is affected by stream processes (flooding, sedimentation, etc.) and in turn affects stream structure and function.
Riparian zones and wetlands are dynamic interfaces between terrestrial and aquatic systems, and the two are intimately linked in such a way that one cannot be defined without the other. An interface, in the above sense, may be thought of as a semipermeable membrane regulating the flow of energy and material between adjoining systems (upland and aquatic) (Naiman and Decamps 1997) . Wetland vegetation and soils have a number of functions, both biotic and abiotic, across landscapes.
Riparian zones function as corridors for species movements, including both active and passive dispersal (Malanson 1993 , Tabacchi et al. 1998 . Active dispersal occurs when plant propagules are carried downstream by stream waters and upstream by wind or animals and deposited on distant landforms. Passive dispersal occurs when animal species use the linear pattern of riparian zones as travel corridors.
Wetlands are also important habitat for animal species ranging from butterflies (Galiano et al. 1985) and passerine birds (Taylor 1986) , to black bears (see app. H for animal scientific names) and mule deer (Klimas et al. 1981 , Loft et al. 1991 . In arid regions such as northeastern Oregon, wetlands, although representing a relatively small proportion of the total land area, are disproportionately important to wildlife by providing the only reliable water resource throughout the year (Taylor 1986) .
Riparian and wetland vegetation influences the amount and quality of solar radiation that reaches the stream channel (Gregory et al. 1991) . Solar radiation influences water temperature and primary productivity of a stream reach. Stream water temperature can influence individual growth rates of salmonids (Li et al. 1994) . Primary productivity has been shown to directly influence the macroinvertebrate productivity (Behmer and Hawkins 1986, Hawkins 1986 ) and community composition (Delong and Brusven 1998, Tait et al. 1994 ) of a stream reach as well as indirectly influencing populations of salmonids that feed on macro-invertebrates (Hawkins et al. 1983 ). Riparian and wetland vegetation shades the stream from solar radiation, maintaining cooler temperatures. Riparian and wetland vegetation also provides habitat for fish species through overhanging vegetation and down woody debris (Gurnell et al. 2002) .
Forested headwater streams, which are numerous in the subalpine and canyon country of northeastern Oregon, are important sources of allocthonous (i.e., originating from outside the stream) energy inputs to the stream channel (Gomi et al. 2002 , Vannote et al. 1980 . Headwater streams also serve as refugia for rare or endemic species such as Carex backii (see app. A for plant names and authorities), a USDA Forest Service Pacific Northwest Region sensitive species.
Riparian and wetland vegetation acts passively to slow floodwaters and dampen the effects of high flow periods (Gurnell et al. 2002, Naiman and Decamps 1997) . In fact, willows (Salix spp.) with their flexible stems, ability to sprout from broken or buried stems, and buoyant seeds are highly adapted to periodic flooding (Karrenberg et al. 2002) . Thick, deep root mats of riparian species such as Juncus balticus, Carex aquatilis, and Senecio triangularis physically (deep, dense, tangled roots) and chemically (root exudates) hold soil particles together thus increasing streambank stability. One further adaptation of riparian plant species, such as Carex utriculata, is the formation of large hollow cells (aerenchymous tissue) in the roots to store air for metabolic use during periods of soil saturation (Kozlowski 1984) .
The influence of riparian zones and wetlands on sediment and nutrient inputs from uplands is threefold. Aboveground, riparian and wetland vegetation slows runoff from uplands and floodwaters, trapping and storing sediments in the floodplain.
Belowground, riparian and wetland plant roots intercept groundwater moving through the riparian zone/wetland toward the stream and sequester the excess nutrients, thus mediating the effects of eutrophication in systems affected by agriculture (Fail et al. 1988 , Gregory et al. 1991 . In this way, riparian zones and wetlands deliver nitrogen and other nutrients primarily as coarse particulate organic matter rather than directly as inorganic compounds (Pinay et al. 2002) .
Lastly, the duration and extent of riparian and wetland soil saturation can influence the concentration and species of nitrogen (nitrate, nitrite, ammonia) entering the aquatic environment (Pinay et al. 2002) . Depending on the oxidation-reduction status, soil in riparian zones can act as a source (ammonification and nitrification) or result in a loss of (denitrification) nitrogen. Certain species of riparian/wetland plants (Alnus spp.) have formed symbiotic relationships with nitrogen-fixing bacteria in their roots. The bacteria "fix" or transform gaseous nitrogen (N 2 ) into forms that are biologically exploitable (NH 4 ), providing another source of nitrogen for the aquatic ecosystem.
Aquatic systems and their associated riparian and wetland plant communities are indeed intimately linked in such a way that one cannot be defined without the other. Riparian zones and wetlands influence the biota of stream systems at the level of the individual organism (Li et al. 1994 ), the population (Hawkins et al. 1983) , and the community (Tait et al. 1994) . Physically, riparian zones and wetlands buffer the potentially destructive forces of floodwaters on streambanks and function as sources and sinks for sediment and nutrients. Lastly, on the level of ecosystems, riparian zones regulate the flow of nutrients into aquatic environments. Alteration of the riparian and wetland component of aquatic systems can have far-reaching effects on the structure and function of the associated abiotic environment.
Objectives
Wetland plant associations of northeastern Oregon have been identified for midmontane wetland systems (Crowe and Clausnitzer 1997), but little was known about the deep canyon and subalpine wetland plant associations of northeastern Oregon before the present study. This management guide presents a classification of the deep canyon and subalpine wetland plant associations, community types, and communities (defined below) for the Blue Mountains Physiographic Province of Oregon including the Wallowa-Whitman, Umatilla, and Malheur National Forests. This guide is complementary to, and overlaps with, the midmontane wetland guide provided by Crowe and Clausnitzer (1997) . Managers and landowners should use these two guides in conjunction with one another to aid in the identification of plant associations, and optimize management decisions.
Wetland classifications have been developed for much of the Western United States, including central Oregon (Kovalchik 1987 , Padgett 1981 , Montana (Hansen et al. 1995) , California and Nevada (Manning and Padgett 1995) , Washington (Crawford 2003, Kovalchik and Clausnitzer 2004) , Utah and eastern Idaho (Padgett et al. 1989) , eastern Idaho and western Wyoming (Youngblood et al. 1985) , and western Idaho (Jankovsky-Jones et al. 2001 , Miller 1976 . The comparison of plant associations identified (objective one in this study) to those from adjacent geographic areas would provide information on the generality and specificity of the plant associations. Comparing plant associations from different studies can be difficult as each plant classification is based on different multivariate statistical techniques and theoretical views of the authors. One result is that plant associations from different classification schemes, that may in reality be the same association, get labeled differently (Nicholls and Tudorancea 2001) .
The second objective of this guide is to compare the plant associations between the present classification and those of the surrounding areas in order to identify areas of overlap and the degree of generality (or rarity) of individual associations.
Classification Concepts
Distinctions between plant community, plant community type, and plant association are similar to those described in Crowe and Clausnitzer (1997) :
Plant community-an assemblage of plants living together and interacting among themselves in a specific location. The plant community suffix is reserved for single occurrences of distinct vegetation assemblages.
Plant community type-a set of plant communities with similar structure and floristic composition that are seral in nature and often follow directly from a disturbance event (fire, flooding, etc.). Assuming a constant environment over a given period, a plant community type will undergo a natural shift in floristic composition through plant succession.
Plant association-as defined by Kovalchik (1987) , "an assemblage of native vegetation in equilibrium with the environment on a specific fluvial surface." The implication is that as the environment (flood regime, soils, etc.) changes through time, the vegetative potential shifts across that environment space.
As in Crowe and Clausnitzer (1997) , a single occurrence of a distinct vegetation assemblage sampled during this classification effort may be labeled as a plant community type or plant association if similar assemblages have been identified in adjacent riparian and wetland classifications.
Synecological Perspective and Terminology
Traditional concepts in plant succession, designed for uplands, state that the most shade-tolerant or "climax" species in a stand will take over a given site in the absence of disturbance. The climax concept reflects the most meaningful integration of the environmental factors affecting vegetation because it represents the end result of plant succession (Steele et al. 1981) . Application of these concepts to riparian zones and wetlands becomes difficult given the potential for vegetative change with a change in the soil and water characteristics of the fluvial/wetland surface over time (Kovalchik 1987) .
The plant association concept, as defined above, is an attempt to alleviate these difficulties and provide a meaningful site classification that integrates environment and vegetation in the dynamic environments of riparian and wetland systems. The climax concept is incorporated within the plant association concept wherein the most shade-and/or water-tolerant species at a site will prevail in the absence of disturbance. In this way, sites are not necessarily classified by the present plant assemblage; rather, classification is based on potential climax vegetation, often times limited to the understory canopy layers or relatively sparse occurrences. Put another way, the classification of plant associations is not based on dominance, but rather the potential for dominance in the absence of disturbance.
The rule of thumb adhered to in the present classification for identifying potential climax vegetation at forested sites is greater than or equal to 5 percent understory regeneration of a more shade-tolerant species (Steele et al. 1981) . Shrub and herbaceous sites were classified by using the "greater than or equal to 25 percent foliar cover" [of a more shade-and/or water-tolerant species] rule originally coined by Kovalchik (1987) , and adopted by Crowe and Clausnitzer (1997) .
The only notable exception to the above rules of thumb is within the Subalpine Fir and Engelmann Spruce Series. In upland vegetation classifications, subalpine fir is considered the most shade-tolerant tree species when present, with Engelmann spruce coming in at a close second. Unique to riparian zones and wetlands is that edaphic conditions are often more important to successional dynamics than the solar radiation levels in the understory. Engelmann spruce tends to be more tolerant of saturated soil conditions than subalpine fir, making it difficult to interpret successional dynamics when both species occur in the understory with similar vigor. Two associations were identified that suffered from this ambiguity: PIEN-ABLA/CASC12 and PIEN-ABLA/SETR. Although the above two types were placed in the Engelmann spruce series, the potential exists, given a reduction in soil moisture, for subalpine fir to become the prevailing climax species.
Study Area
Blue Mountains Physiographic Province
The study focuses on the deep canyon and midelevation benches (550-1300 m), and subalpine (1800-2600 m) riparian and wetland plant associations of the Blue Mountains physiographic province of northeastern Oregon. The Blue Mountains physiographic province is defined by Orr and Orr (1999) as that area of northeastern Oregon that is bounded on the east by Hells Canyon and the Seven Devils Mountains, on the south at Ontario in Malheur County, on the north by the Snake River in Washington, and on the west by an irregular line running near Pendleton, Prineville, Burns, and back to Ontario.
Deep canyons and midelevation benches are primarily represented by Hells Canyon Wilderness and National Recreation Area (HCNRA) tributaries of the Snake River as well as representative samples of deep canyon and midelevation benches in the John Day River drainage to the southwest and the Umatilla National Forest to the northwest and into southern Washington.
Subalpine riparian and wetland plant associations are represented by streams, meadows, and glacial lakes in the Wallowa, Strawberry, Elkhorn, and Seven Devils mountain ranges. Although the Seven Devils are actually in Idaho, as will be shown later, the geology of these volcanic peaks is similar to that of the Wallowa Mountains, one mountain range to the west, and they are therefore included in this study.
Geology: Overview
The geologic history of the study area is quite complex including accretion of exotic terranes, subduction and uplift, massive flood events, periods of intense volcanic activity, and glaciation (Orr and Orr 1999) . Exotic terrane refers to a geologic unit that did not form where it is presently located (Vallier 1998). In the case of the Blue Mountains, the exotic terrane has its origin as the magmatic axis of an island arc in the ancestral Pacific Ocean. Comparison of ancient basalt flows in the Blue Mountains with those in the Wrangell Mountains of southeastern Alaska and Vancouver Island in Canada suggests that the Blue Mountain island arc initially formed in the area of what is presently southeastern Alaska (Orr and Orr 1999). This collection of terranes referred to as "Wrangellia" was moved southward along strike-slip and transform faults to eventually collide with the North American continent (Vallier 1998). Five major exotic terranes constitute the Blue Mountain Island Arc (arranged from east to west): Olds Ferry, Izee, Grindstone, Baker, and Wallowa terranes.
Vallier (1998) divided the stratified rocks within the terranes into discrete mappable rock units termed formations. A description of the major formations in the Blue Mountains province follows.
Permian rocks include two older members of the Clover Creek Greenstone: the Windy Ridge and Hunsaker Creek formations. These two formations are the result of early volcanic activity on the Blue Mountain Island Arc (Pohs 2000 , Vallier 1998 ). These formations are composed of mainly pyroclastic breccia and tuff, conglomerate, sandstone, and siltstone. Triassic Period rock units in Hells Canyon are represented by two more recent formations of the Clover Creek Greenstone: the Wild Sheep Creek and Doyle Creek formations. The Triassic rocks are mafic andesites and breccias, as well as sedimentary rocks derived from the deposition of sediments into the surrounding basin, resulting from the erosion of lava flows present on the island arc. Rocks of the Clover Creek Greenstone are common throughout the Blue Mountains as well as the Seven Devils mountains of Idaho (Pohs 2000) .
Overlying the older Triassic rocks is the late Triassic Martin Bridge limestone, which developed in a warm, tropical environment along the periphery of the volcanic island arc. The Martin Bridge Limestone is not entirely limestone as the name suggests, also including noncalcareous sandstones, breccia, and siltstone (Vallier 1998) .
The late Triassic/early Jurassic Hurwal formation consists mainly of sandstone, siltstone, and breccia with no fossils found in Hells Canyon outcrops. The Hurwal Formation of Sentinel Peak and Pete's Point in the Wallowa Mountains, for example, is distinct from that found in Hells Canyon in that fossils are present in the Wallowa Mountain olistoliths, or large foreign masses of limestone. The Wallowa Mountain olistoliths originated as shallow water reefs surrounding the island arc subsequently broke off, and slid into adjacent deep basins.
The Coon Hollow formation is the major Jurassic formation in the study area representing rocks formed during submerged volcanic activity, erosion, and sedimentation followed by subsidence and the deposition of sediments from deep water turbidity currents around the island arc. The Coon Hollow formation in Hells Canyon follows a depositional gradient of rock types corresponding to the mechanisms previously mentioned. From top to bottom, rock types include tuffaceous rocks, conglomerate and sandstone, to calcareous sandstone, and siltstone.
Intrusive bodies are common throughout the Blue Mountains, including dikes of basalt, andesite, dacite, and rhyolite; and granodiorite plutons such as the Wallowa batholith in the Wallowa Mountains, and the Bald Mountain batholith in the Elkhorn Mountains (Orr and Orr 1999, Pohs 2000) . Through a process termed back-arc extension, the sinking of the subduction plate near the coast of Oregon and Washington caused the overriding plate to extend, which in turn caused fissures to develop in the Earth's crust (Pohs 2000) . This event, which is thought to have occurred during the Miocene Epoch, led to the release of lava flows known as the Columbia River Basalt Group (CRB) that cover hundreds of square miles in the inland Northwest. The group consists of reddish brown horizontally layered lavas common at higher elevations in Hells Canyon, covering many peaks in the Wallowa Mountains, and most of the ridgetops of the western ranges in the Blue Mountains. Around the same time as the CRB eruptions, smaller and equally important eruptions in the southern Blue Mountains occurred where Sawtooth Crater, Strawberry Volcano, and Dry Mountain evolved as three separate volcanic centers (Orr and Orr 1999) . Strawberry volcano extruded some of the thickest and most extensive andesitic lavas in eastern Oregon covering an area of 3800 km 2 .
The Pleistocene Epoch was characterized by glaciation of the high elevations in the Blue Mountains (Pohs 2000).
Classic U-shaped glacial valleys and cirque lakes are found throughout the subalpine and alpine areas of northeastern Oregon.
The extremely steep canyon walls in Hells Canyon often result in landslides and slumping (Vallier 1998) . Deposits from these events often temporarily dam the Snake River and its tributaries. Massive flood events are also common in Hells Canyon resulting in "blowouts" that demonstrate the powerful mechanisms by which canyons are formed. One particular catastrophic flood, the Bonneville flood, occurred when ancient Lake Bonneville drained out of Red Rock Pass in Idaho nearly 14,500 years ago. Clearly, this event played a major role in the formation of Hells Canyon as evidenced by the many depositional and erosional features observed in Hells Canyon today.
Natural History: Subalpine
The Strawberry, Elkhorn, and Wallowa mountain ranges represent the southern, central, and portions of the northern Blue Mountain provinces in northeastern Oregon, respectively. Although there are many similarities between the floras of these three regions, there are some differences as well. These differences are in large part due to the location of these ranges relative to large-scale weather patterns and geology. The two major weather patterns influencing the Blue Mountains Province are the Great Basin and Columbia River storm patterns. Glaciers have also played a large role in shaping these mountains. Their fingerprints can be seen throughout all three mountain ranges mentioned above, although they are most pronounced in the Elkhorn and Wallowa Mountains (Orr and Orr 1999) .
The Strawberry Mountains are the most southwestern range in the province. Therefore these mountains are the most influenced by the Great Basin weather patterns resulting in a drier and warmer temperature relative to the other ranges in the province. Also, the Strawberry Mountains lie in the rain shadow of the Cascade Mountains. Water vapor transported easterly across the Cascades rises in altitude cooling along the way. The cooler water vapor condenses into liquid water and precipitates on the western slope of the Cascades. The now drier air mass moves east past Bend, Oregon, resulting in the more arid landscape of central Oregon. Another critical feature of the Strawberry Mountains is the lower elevation (generally <2300 m) compared to the Elkhorn and Wallowa Mountains (approximately 3100 m) also resulting in a warmer climate. Lastly, the extent of glacial activity was small owing to the warmer and drier climate. The vegetation is a reflection of the geology and climate. The riparian zones in the Strawberry Mountains are very narrow and steep, usually occurring midslope along springs. Many of these springs are ephemeral and dry up later in the summer. Arrowleaf groundsel (Senecio triangularis) and Pacific onion (Allium validum) are two species commonly associated with these ephemeral springs. The warmer climate of the Strawberry Mountains results in species such as mountain alder (Alnus incana) occurring above 1800 m, whereas in the Wallowa Mountains, mountain alder is replaced with Sitka alder (Alnus sinuate) above 1800 m. The decreased glacial activity resulted in only a few broad U-shaped valleys; therefore, large open meadows are rare in the Strawberry Mountains.
The Wallowa Mountains are the most northeasterly mountains in the province. Storm patterns rolling up the Columbia River basin hit the Wallowa Mountains on the northwest side and are pushed up and cooled with the result that a large amount of precipitation is dropped. Some parts of the Wallowa Mountains receive up to 180 cm of precipitation each year (Pohs 2000 
Natural History: Deep Canyons and Midelevation Benches
The deep canyons and midelevation benches of the Wallowa-Whitman, Umatilla, and Malheur National Forests, similar to the mountainous regions of the Blue Mountains Province, are influenced by a number of climatic, geographic, and geologic factors. The degree to which each of these factors influences each national forest is reflected in the flora. Three major weather patterns influence the deep canyons of the Blue Mountains Province: the Great Basin, Rocky Mountain, and Columbia River storm patterns.
Hells Canyon, on the extreme eastern border of the Blue Mountains Province, is home to the Snake River and some of the most rugged wilderness in the contiguous United States. Hells Canyon drops 2500 m in approximately 8.8 km (from the top of He Devil Mountain in the Seven Devils, to the depths of the Snake River at Granite Rapids) making it the deepest canyon in the United States (Orr and Orr 1999). The steep nature of the canyon and exposed bedrock result in steep, constrained tributaries with an associated riparian area that is confined to the relatively narrow canyon bottoms. Hells Canyon is on the western edge of the Rocky Mountain storm system, resulting in large snow accumulations in the high country surrounding the Snake River. Large spring floods in the tributaries from these melting snows provide a very dynamic physical setting. The morphology of these streams is straight, steep, and narrow (5 to 25 m); therefore backwaters, channel migrations, and large areas with hydric soil conditions are rare.
Hells Canyon has a very arid climate, with annual precipitation as low as 38 cm, primarily because of where it is located: directly east of, and in the rain shadow of, the Wallowa Mountain Range (SCAS 2000) . The vegetation mirrors these physical characteristics including species found throughout the Rocky Mountains and Great Basin.
The Blue Mountains province is an extremely diverse area, both florally and geologically. The three major mountain ranges lie along a longitudinal-latitudinal gradient from extremely dry and warm in the southwest to cool and wet in the northeast. The topography and vegetation of the deep canyons of the three national forests reflect a combination of climatic, geographic, and geologic factors resulting in two distinct groups: (1) arid and geologically constrained riparian areas in Hells Canyon and the Malheur National Forest, (2) mesic and relatively unconstrained riparian areas (Umatilla National Forest).
The Umatilla National Forest, to the northwest of Hells Canyon, is primarily influenced by Columbia River storms and is much more mesic than either Hells Canyon or the Malheur National Forest. Average annual rainfall reaches 100 cm in some sections of the forest. The vegetation includes Rocky Mountain and Great Basin species as well as species common to western Oregon and Washington, including red alder (Alnus rubra), wildginger (Asarum caudatum), and devilsclub (Oplopanax horridus). The geology is such that large (3 rd -to 5 th -order) streams with wide riparian areas (10 to 150 m) are common. These streams are actively meandering, forming backwaters, large cobble and sandbars. The resulting riparian landscape is more topographically diverse than that of the Hells Canyon tributaries. The climate of the Malheur National Forest is very arid, similar to that of Hells Canyon, but lacking the Rocky Mountain storm influence. The climate is controlled primarily by the rain shadow of the Cascade Mountains to the west and Great Basin storm systems. The vegetation therefore has a strong Great Basin influence.
Field Methods
Data collection sites were sampled by field reconnaissance beginning at the mouth of a drainage and working upward in elevation. Fluvial landforms and the respective vegetation were observed along streams, rivers, and lake basins. Based on these observations, plots were established in assemblages of vegetation that were representative of a particular landform along a stream reach (Kovalchik 1987) . A stream reach is defined as a section of stream that is environmentally consistent (i.e. gradient, valley width, valley shape, bed material, bedrock, etc.). Universal Transverse Mercator (UTM) coordinates were obtained for each site by using a global positioning system. Site locations were further documented with permanent angle irons at plot center, aluminum reference signs on nearby trees, and by noting the location on a U.S. Geological Survey topographic quadrangle map. Cross-sectional and plane-view sketches were made of the stream and valley bottom shape. Valley landform descriptors (valley shape, gradient, width, and side-slope gradient), aspect, slope, microtopography, and fluvial surface (gravelbar, floodplain, terrace, etc.) were recorded for each plot.
Herbaceous and shrub plots measured 5 by 10 m and were arranged to avoid sampling the boundaries of plant associations. Canopy coverage for vascular plants, mosses, and liverworts was recorded in increments of 1, 3, 5, and 10 percent and every 5 percent thereafter. Ground cover of surface features (submergence, bare ground, gravel, rock, bedrock, moss, and litter) were recorded by using the same method. Plants not identified in the field were collected for later identification. Plants were identified to lowest possible taxonomic level.
Percentage cover of vegetation at forested sites was estimated across a 375-m-square plot. Basal area tallies of tree species were obtained by using a 20 BAF (basal area factor) prism and a variable-sized circular plot design. A site tree, representative of the size and age of the principal tree species in the stand, was identified, and height, age, and diameter at breast height (d.b.h) were recorded. Shrubs and herbs were sampled as described above.
Snags were tallied by using a 20 BAF prism including the following information for each snag: d.b.h, height, condition class, and evidence of cavities, feeding, or nesting activity. A 9-by 2.5-m downed log transect, positioned lengthwise north-south, was sampled inside the plot including the following: species, diameter (at midpoint), size class, decay condition class, and length.
Soils were sampled with an 8-cm-diameter auger or by digging a pit. Soil was sampled to a depth of 1 m, or until further digging was physically impossible, or the water table was reached. Soils saturated throughout the growing season and soils with rock fragments completely covering the surface were not sampled by the pit method; rather, the surface horizon soil texture/rock fragment size (gravel, cobble, stone, boulder) and notes were recorded regarding the nature of soil saturation and rock fragments. Soil horizons were identified and depths of each recorded. Depth to water table was noted. Soil horizon and redoximorphic feature (if present) color were recorded for each soil horizon. Soil texture, percentage of rock fragments, size and amount of roots, and pH were also recorded.
Use, management, and disturbance observations were recorded at each site, including fire, insects, disease, livestock grazing, indications of wildlife and human use, and flooding. Productivity at each plot was estimated by (1) recording the average herbaceous, shrub, and tree heights and (2) collecting forage species in a 0.5-m-radius plot to ground level. Forage was later dried and weighed and expressed in kilograms of forage per hectare.
Office Methods
All statistical analyses were conducted in R: a language and environment for statistical computing (R Development Core Team 2004 on the World Wide Web at http://www. r-project.org/).
Classification
The vegetation data were initially separated by life form into forested (≥10 percent coverage of tree species on the landform of interest), shrub (<10 percent tree and ≥10 percent shrub cover), and herbaceous (<10 percent tree and shrub cover) plots. The foliar coverage data were entered into a spreadsheet, and a Bray/Curtis similarity matrix was calculated from the raw coverage data. The fixed clustering algorithms, PAM (Kaufman and Rousseeuw 1990) and OptPart (source code at http://ecology.msu.montana.edu/ labdsv/R/lab13/lab13.html) implemented in R were used to cluster the plots within each life-form class. The optimal number of clusters was determined by iteratively clustering at a variety of cluster numbers and choosing the number of clusters that simultaneously optimized the ratio of withincluster to between-cluster similarity, constancy/coverage results, and also corresponded to observations made by the researcher in the field. The results of the two cluster algorithms were compared based upon the ratio of withincluster to between-cluster similarities, species composition within each cluster, and the results of a tree classifier (see below).
During this initial clustering, only species that occurred within the life form of the given life-form class were used. For example, in the set of forested plots, only trees were used to cluster the data into preliminary clusters. The original clusters were examined to determine if two or more clusters were similar enough to combine for the second round of clustering. The decision to merge was based on results obtained by using the partana function (source code at http://ecology.msu.montana.edu/labdsv/R/lab13/ lab13.html), which calculates the ratio of within-cluster to between-cluster similarities.
After the initial clustering, species that occurred at greater than 5 percent cover were placed back in the data set, and each of the above clusters containing more than 10 plots was clustered independently to determine within-type variation based on understory species. Species occurring at less than or equal to 5 percent coverage were excluded from this second round of clustering in order to reduce the complexity of the data set and optimize the clustering ratio. The assumption was made that the species occurring at less than or equal to 5 percent cover were not important in distinguishing between clusters when using an abundancebased dissimilarity measure. In some cases, when it was difficult to decide whether or not to split a group, the overstory species were removed and the original clusters were clustered with all (including ≤5 percent) understory species. The above technique is similar to that used by Padgett et al. (1989) and Manning and Padgett (1995) where the understory species were clustered separately in order to elucidate understory and environmental relationships.
The last step in the clustering procedure involved "finetuning" of the clusters by hand. Individual plots were examined to determine the adequacy of a given plot's membership in a cluster based on species composition, autecology, and environmental characteristics. Plots that did not fit into a cluster after the second round of clustering, and clusters with fewer than five plots were grouped together and clustered separately.
Ordinations were calculated for each life-form group and used to visualize the clusters in multidimensional space. Environmental variables were tested against the ordination axes by using generalized additive models to determine environmental gradients important to the structuring of the vegetation in each life-form group.
The clusters developed by using PAM and OptPart were then tested against the environmental variables by using a tree classifier (Ripley 2004) . The trees were cross-validated, and misclassification rates and confusion matrices were calculated for each set of life-form clusters. At this point, the decision was made to use the results obtained from the PAM analysis for the tree and shrub clusters and the results from the OptPart analysis for the herbaceous clusters.
Comparing Adjacent Riparian and Wetland Classifications
Adjacent riparian and wetland classifications refer to riparian and wetland plant classifications developed for neighboring geographic regions. Coverage and constancy data for eight adjacent classifications, including Crawford (2003), Crowe and Clausnitzer (1997) , Hansen et al. (1995) , Kovalchik (1987) , Kovalchik and Clausnitzer (2004) , Manning and Padgett (1995) , Padgett et al. (1989), and Youngblood et al. (1985) were collected from appendices and computerized databases. Each distinct community type was given an eight-letter code, and an importance value was calculated for each species as (constancy x average cover)/100. The same procedure was followed for the plant associations and community types described in the present classification effort, and these data were added to a cumulative community type data set.
Next, the importance data were subject to a log transformation [log(importance)+1] as this was thought to be the best balance between importance of a species in a vegetation type and presence or absence of that species. Lastly, the log-transformed importance data were used to calculate a Bray/Curtis similarity matrix.
Within the similarity matrix, the similarity vector of each of the vegetation types described in this guide was sorted from most to least similar. The top 10 most floristically similar vegetation types from adjacent classifications, based on the above similarity analysis, were identified and further scrutinized. Species lists and importance values for each of the potentially similar vegetation types were compared with the species list for each respective northeastern Oregon deep canyon and subalpine riparian and wetland vegetation type based on importance value of indicator species, and the community as a whole.
Types given the same name (i.e., same indicator species) or one similar to those described in the present classification effort were included as examples of that type in adjacent areas. Types that did not have the same or similar name but were similar floristically were included in the "Floristically Similar Types" paragraph of the same section.
Quantitative data were unavailable for Diaz and Mellon (1996), Miller (1976) , Padgett (1981) , Jankovsky-Jones et al. (2001), and Viereck et al. (1992) ; therefore, these classifications were not included in the compositional similarity analysis. The vegetation types composing the above five classifications were compared to the northeastern Oregon deep canyon and subalpine riparian and wetland vegetation types by hand by using constancy/coverage tables, and the results were noted in the "Adjacent Riparian/Wetland Classification" sections of each typal description.
Calculation of Available Water Capacity
Available water capacity (AWC) is an estimate of the water available to plants between permanent wilting point and field capacity after hydric soils have drained owing to gravity, and is measured as n units of water per 1 unit of soil. Available water capacity for mineral soil horizons was obtained from the USDA Soil Conservation Service, California Technical Note 15 (see app. E) (Boettinger 2003) .
Available water capacity for organic soil horizons was calculated by the following method. Boelter (1969) provided regression equations for calculating water content from fiber content of organic soils. Equations were provided for 0.1-bar and 15-bar suctions (permanent wilting point). No equations were provided for field capacity (0.33 bar); therefore, water content at 0.1 bar was calculated as an estimate of field capacity for organic soils. Available water capacity at different fiber contents was estimated by calculating the water content across the full range of fiber contents for each type of organic material (fibric [67, 74, 81, 88, 95, 100 percent] ; hemic [33, 40, 47, 54, 61, 66 percent] ; sapric [1, 8, 15, 22, 29, 32 percent] ) at both 0.1-and 15-bar suctions. The difference in water content between 0.1 and 15 bar was calculated and then averaged across the six values of fiber content. The AWC estimates for sapric fiber contents were obtained three ways: by averaging the values for all six fiber contents, by averaging values for 8 through 32 percent, and by averaging values for 15 through 32 percent. The decision was made to use the results obtained without 1 and 8 percent fiber contents as such low-fiber-content soils are technically closer to loams and silt loams than to organic soil. The results are displayed in table 1. The AWC for each soil was estimated by calculating AWC for each horizon to 1-m depth. The assumption for soils sampled to less than 1 m was that the final horizon extended to a depth of 1 m. The AWC for each horizon was calculated as follows:
Total AWC for the soil pit (centimeters of water per meter of soil) was calculated by summing all horizon AWC values for a given soil to a depth of 1 m. Available water capacities for soils saturated throughout the growing season (not sampled by soil pit) were based on the AWC of surface horizon textures, and sites completely covered with rock fragments were set at the lowest total AWC (1.0 cm/m), both calculated to a 1-m depth.
Calculation of Percentage of Rock Fragments
Calculation of percentage of rock fragments began with making the pit depth relative to 1 m, similar to the calculation of AWC. Percentage of rock fragments for each soil horizon was calculated as follows:
Horizon thickness × Fraction Rock Fragments = Horizon Percentage of Rock Fragments
Total percentage of rock fragments to 1 m was calculated by summing all horizon percentage of rock fragments to a depth of 1 meter. Percentage of rock fragments for soils saturated throughout the growing season (not sampled by soil pit) were set at zero percent, and those of sites completely covered with rock fragments were set at 100 percent.
Taxonomy
Plant taxonomy follows Hitchcock and Cronquist (1973) with the exception of Carex utriculata for C. rostrata. Owing to the difficulty in differentiating Veratrum californicum Dur. (California false hellebore) from V. viride Ait. (green false hellebore), both of which occur in the Blue Mountains, the two species were lumped to the genus level for analysis and typal description in the guide.
Most plant identification was by the field researcher; for particularly difficult identifications, specimens were sent to a specialist at the Rocky Mountain Herbarium in Laramie, Wyoming, for identification. Plant codes follow the USDA Plants Database (USDA NRCS 2002b). Voucher specimens are being stored at the USDA Forest Service WallowaWhitman National Forest office in Baker City, Oregon, under the direction of Dr. David Swanson.
All plants encountered in the field were identified to the lowest possible taxonomic level. Subspecies and varieties were identified whenever possible, but were not used in the data analysis or type descriptions (see app. G for subspecies and variety data).
Indicator Species
Plant ecologists are primarily interested in the environmental factors influencing the distribution of plant species across a landscape. Mathematical models are often used to aid ecologists in recognizing the relationships between plants and the environment. As elaborate as these mathematical tools have become, there seems to be no mathematical model that embodies all of the environmental factors influencing the presence of a plant species, other than the plants themselves. Indicator species are plants that designate thresholds of environmental change along gradients (Johnson, 2004a) . The plants selected to define plant associations and community types are those deemed most diagnostic of a particular environment. A plant species may occur across an environmental gradient, but the optimal growth conditions for a species usually constitute a narrow range within that gradient. During the classification process, cutoff values of percentage of cover for indicator species are used to place sample plots in vegetation types. The presence of an indicator species in a sample plot above the cutoff level implies optimal growth conditions for that species. Priority is given to indicators of cool, moist environments, and the classification scheme is a reflection thereof.
Vegetation Key: Overview
A critical component of the classification process was a seamless linkage between the midmontane and deep canyon/subalpine classifications of northeastern Oregon. The two classifications provide a classification of northeastern Oregon riparian and wetland plant associations, community types, and communities across an elevation gradient ranging from canyon bottoms to glacial cirque basins. Rather than developing two separate vegetation keys for each classification, the vegetation keys have been combined into one comprehensive key. A number of vegetation types occur in both classifications.
In such cases, the page number in Crowe and Clausnitzer (1997) where the shared types occur has been indicated (shown as CC p. 38). In the case of types occurring in both classifications, the user is encouraged to read through both descriptions in order to gain a sense of the range of environmental and floristic conditions of a vegetation type.
The combination of the two vegetation keys into one comprehensive key was in most cases straightforward. However, some confusion may arise in the case of the willow/mesic forb and Lemmon's willow/mesic forb types; therefore some clarification may be in order. The willow/ mesic forb plant community type described on page 82 of this classification features Booth's or undergreen willows as indicator species. The willow/mesic forb community type described on page 116 of Crowe and Clausnitzer (1997) features a variety of indicator species, including Booth's, Geyer, Bebb's, Lemmon's and rigid willow, or bog birch. As a consequence of combining the two vegetation keys, the willow/mesic forb plant community type of Crowe and Clausnitzer (1997) falls under the same lead as the willow/ mesic forb plant community type described on page 82 for Booth's willow. Similarly, the Lemmon's willow/mesic forb plant community type described on page 90 of this classification falls under the same lead as the willow/mesic forb community type of Crowe and Clausnitzer (1997) .
Using the Vegetation Key
If you (1) are standing in a deep canyon or subalpine riparian zone or wetland in the Blue Mountains region of Oregon, (2) are interested in identifying an assemblage of vegetation as a classified vegetation type, and (3) have this guide with you, then you should begin with the vegetation key.
First, locate a relatively homogenous patch of vegetation that is obviously associated with a specific land form (see "Glossary"). Next, go to the life-form key and determine the principal life form at the site. Plots for forested sites should be roughly 375 m 2 (about 1/10 acre) in size and circular (11.3-m radius). Plots for shrub and herbaceous sites should be a 50 m 2 area of any shape. Lastly, using the life-form key, select the appropriate portion of the key for a given life form and work your way through. Two options exist for highly disturbed sites that do not fit in this classification: (1) use the vegetation key to match remnant patches of native vegetation (if such patches exist) as closely as possible to a classified type, and (2) use the environmental key to determine possible vegetation potentials for the site.
A Note Regarding the Vegetation Key
The vegetation key provided below was developed for efficient field identification of the vegetation types described in this guide. The key is not the classification, and users are advised to thoroughly read the description of a vegetation type upon identification of a type when using the key.
The cutoff values for percentage cover in the key are general guidelines and may have no ecological basis. The user should be keenly aware of the relative importance of the indicator species present at a site and give priority to those indicator species most representative of the landform at large (most vigorous growth, not isolated to microsites, etc.). The classification provided is not exhaustive of the possible deep canyon and subalpine riparian and wetland vegetation types of the Blue Mountains. An effort was made to sample only relatively undisturbed sites, and the boundaries between relatively distinct vegetation types, or ecotones, were avoided. Therefore, it is possible that users of this key will encounter unclassified vegetation types in the field. The "environment key" is provided to aid in recognition of the possible vegetation potentials at obviously disturbed sites.
If the vegetation key fails, it may be that the vegetation type is an upland type or that it is a riparian/wetland type that does not fit in the study area described above. In this case, the reader is referred to the following references: 
Environment Key: Overview
The environment key is provided (1) to reduce the number of possible vegetation types based on a given set of environmental attributes, (2) for office users who are interested in identifying the set of vegetation types that might occur at sites located on topographic maps or geographic information system data, and (3) for the identification of potential vegetation types at disturbed sites. The environment key is a dichotomous key based on the environmental data collected during the field sampling effort. The key is fashioned after the results of a tree classifier and also reflects the knowledge of, and observations made by, the field researcher. The key is dichotomous, but given the environmental amplitude shown by many of the veg- than 15 percent rock fragments ................................................................ 
Contents of Vegetation Type Descriptions
A descriptive section for each plant association and community type that includes the following:
Nomenclature/title-The name given to the vegetation type with principal (typal) species first followed by subordinate species of different floristic layers (separated by a backslash) and/or coprincipal species of the same floristic layer (separated by a dash). Landforms may be included in the title if the vegetation type was observed to have a strong affinity to a particular landform.
Latin title-The Latin names of the indicator species.
Ecoclass code-United States Forest Service codes for plant associations and community types.
Title code-A shorthand version of the title consisting of the USDA Plants Database code for the typal species.
Sample size (n =)-The number of sample plots used to describe a vegetation type.
Physical environment-A description of the environmental attributes typical of a vegetation type, including landform, elevation, valley descriptors, and soil characteristics. Site Tree-An individual tree that is characteristic of the age and size class of a forested stand. Description includes the average d.b.h., average age, and average height of the site trees of each tree species associated with forested vegetation types. The Cowardin et al. (1979) wetland classification for each plant association and community type.
Environment
USDI Fish and Wildlife Service wetlands classification-
Adjacent riparian/wetland classifications-Section describing the occurrence(s) of the same or floristically similar vegetation types found in riparian and wetland classifications developed for neighboring geographic regions.
Floristically similar vegetation types-Adjacent vegetation types that are compositionally similar (based on compositional similarity analysis of the vegetation data) to those described in the present classification.
